Double-perovskite oxides that contain both 3d and 5d transition metal elements have attracted growing interest as they provide a model system to study the interplay of strong electron interaction and large spin-orbit coupling (SOC). Here, we report on experimental and theoretical studies of the magnetic and electronic properties of double-perovskites (La 1−x Sr x ) 2 CuIrO 6 (x = 0.0, 0.1, 0.2, and 0.3). The undoped La 2 CuIrO 6 undergoes a magnetic phase transition from paramagnetism to antiferromagnetism at T N ∼ 74 K and exhibits a weak ferromagnetic behavior below T C ∼ 52 K. Two-dimensional magnetism that was observed in many other Cu-based double-perovskites is absent in our samples, which may be due to the existence of weak Cu-Ir exchange interaction. Firstprinciple density-functional theory (DFT) calculations show canted antiferromagnetic (AFM) order in both Cu 2+ and Ir 4+ sublattices, which gives rise to weak ferromagnetism. Electronic structure calculations suggest that La 2 CuIrO 6 is an SOC-driven Mott insulator with an energy gap of ∼ 0.3 eV. Sr-doping decreases the magnetic ordering temperatures (T N and T C ) and suppresses the electrical resistivity. The high temperatures resistivity can be fitted using a variable-range-hopping model, consistent with the existence of disorders in these double-pervoskite compounds.
I. INTRODUCTION
Electron correlation and spin-orbit coupling (SOC) are the two key ingredients for realizing novel quantum phases, 1 such as spin-orbit coupled Mott insulators, 2-4 topological Mott insulators, 5, 6 Weyl semimetals 7, 8 and axion insulators. 9 3d transition metals possess strong electron correlation because of their compact 3d orbitals but weak SOC due to their low atomic numbers; 5d metals, on the other hand, have much stronger SOC but weaker electron interactions. 2, 3, 10 The two groups of metals can be combined and form a rock-salt-like order in a double-perovskite oxide A 2 BB'O 6 , where A = rare earth element, B = 3d transition metal, and B' = 5d metal. These 3d-5d hybrid oxides have recently attracted growing interest because of their rich magnetic and electronic properties that arise from the interplay of the strong electron interaction and large SOC.
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An important class of such double-perovskites are the iridates A 2 BIrO 6 in which the electronic structure of iridium is strongly influenced by the SOC. Under the cubic symmetry, the 5d orbitals of iridium are split into e g and t 2g states by the strong crystal field. The t 2g
state further forms a J eff =1/2 doublet and a J eff =3/2 quartet as a result of large SOC.
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The five 5d electrons of Ir 4+ fills the J eff =3/2 state completely, leaving the J eff =1/2 state partially occupied. This J eff =1/2 picture, initially discovered in the layered Sr where α is the fine-structure constant. A very large plane-wave cutoff energy of 500 eV was used. The electronic and magnetic properties of La 2 CuIrO 6 were calculated based on the experimental lattice parameters obtained from the Rietveld refinement of XRD pattern.
Tests using optimized crystal structure suggest qualitatively similar electronic structures.
The Γ-centered Monkhorst-Pack scheme with a k mesh of 645 in the full Brillouin zone (BZ), in conjunction with the tetrahedron method is used for the BZ integration. The total energy convergence criterion is 10 −6 eV/unit cell. To further take the d-electron correlation into account, we introduce the onsite Coulomb interaction U in the GGA+U approach with [ Fig. 1 (d) ], indicating that the change in entropy is very weak at this ordering temperature.
A Curie-Weiss fit to the high temperature magnetic susceptibility [inset of Fig. 1 (b) We further performed magnetic susceptibility measurement on the doped samples and observed a decrease in both T N and T C . As shown in the inset of Fig. 2(a) , the susceptibility versus temperature for x =0.1 sample shows a peak at T N ∼ 50 K when the applied magnetic field is 1 kOe. Magnetic hystersis, as indicated by the divergence of ZFC and FC curves, appears at nearly the same temperature. Again the hystersis becomes clearer when the magnetic field is reduced [ Fig. 2(a) ]. Using the dχ/dT versus T data at 20 Oe, we determined the weak FM transition temperature T C to be ∼ 43 K. The magnetic susceptibility versus temperature data for x =0.2 and 0.3 are plotted in Fig. 2(b) and (c), respectively. The AFM ordering temperature T N is found to be lower than that of the weak FM ordering T C . As seen more quantitatively in Fig. 2(d) , T N decreases more dramatically than T C , and it reaches ∼ 10 K for x =0.3. To study how the FM component changes with doping, we performed magnetization versus magnetic field (M-H) measurement at 10 K. As shown in Fig. 3(a) , all of the M-H curves exhibit a small but visible hysteresis loop, accompanied by a linear field dependence of magnetization. Both the remanent magnetization (M h ) and the coercivity (H C ) increase when the doping is increased from x =0 to x =0.2 (i.e., the percentage of Ir
5+
increases from 0 to 40%) [ Fig. 3(b) ]. Further increase of doping to 0.3 (i.e., Ir 5+ /Ir = 60%) results in a decrease of both the remanent magnetization and coercivity [ Fig. 3(b) ].
An insulating behavior was observed in both the undoped and the doped (La 1−x Sr x ) 2 CuIrO 6 (x = 0.1, 0.2, and 0.3) samples, although Sr-doping decreases the electrical resistivity (ρ) significantly [ Fig. 4(a) ]. While grain boundary scattering can certainly contribute to the high resistivity in our polycrystalline samples, it is unlikely to change significantly the temperature dependence. 63 In fact, nearly all double perovskite oxides are found to be insulators 11 because of the large spatial separation between the B ions. Two different models were used to understand the electrical transport properties. The first one is the standard thermal activation model that is described by the equation ρ(T )=ρ 0 exp(E a /k B T ), where k B is the Boltzmann constant and E a is the activation energy. As shown in Fig. 4(b) , the 
IV. DFT CALCULATIONS AND DISCUSSIONS
DFT calculations of electronic properties suggest that the undoped La 2 CuIrO 6 is an SOC driven Mott insulator. While DFT calculation of doped samples requires significantly enlarged unit cell and is out of the scope of the current work, the suppression of resistivity by Sr-doping can be un- 68 and iridates. 69 The reduction of moment may be attributed to the covalency between the metal d orbitals and the oxygen 2p orbitals.
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Lastly, while the predicted canted-AFM structure is qualitatively consistent with the weak FM observed in the magnetization measurement, we note that future measurement using direct probe techniques such as neutron scattering or muon spin relaxation are needed to confirm the magnetic ground state.
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V. CONCLUSIONS
We carried out a study of the magnetic and electronic properties of double perovskite 
